The reporting of individual urologist rates of observation for localized prostate cancer may be a valuable performance measure with important downstream implications for patient and payer stakeholder groups. However, few studies have examined the urologist-level variation in the use of observation across all risk strata of prostate cancer.
Observation for clinically localized prostate cancer is one such discretionary management strategy with welldocumented regional variation in practice. 14, 15 Since the publication of data from 2 large randomized trials, 16, 17 observation for low-risk prostate cancer has become widely accepted as a reasonable management strategy among appropriately selected men in whom death or morbidity due to untreated prostate cancer is unlikely. [18] [19] [20] Nonetheless, persistent unexplained variation remains in the use of observation for localized prostate cancer. 21 In light of the clinical equipoise between treatment and observation among men with low-risk disease, these wide variations in prostate cancer care prompt concern regarding the underlying rationale for clinical decision making and underscore the need to understand the patient-, physician-, and system-level factors contributing to these variations.
Recognizing that the degree of variation in prostate cancer management cannot be entirely explained by patient factors, the Centers for Medicare & Medicaid Services (CMS) have begun to develop payment strategies to escape the volume incentives of the current fee-for-service environment. One large-scale payment reform is the Merit-Based Incentive Payment System (MIPS). 22 MIPS combines existing incentive programs and creates a composite performance score that will inform a physician's reimbursement rate based on his or her performance in 4 categories (quality, resource use, meaningful use, and clinical practice improvement activities). Before the enactment of MIPS, CMS is inviting public feedback on physician-level quality measures and performance thresholds in an effort to ensure that the selection of quality and resource-use measures will be meaningful to multiple stakeholder groups. In this regard, developing a benchmark for observation of low-risk prostate cancer may be an attractive quality and resource-use measure for CMS. However, a benchmark aimed at limiting inappropriate resource use in low-risk populations may have the unintended consequence of lowering appropriate resource use for high-risk populations. 23 Ascertaining an individual urologist's treatment patterns by risk is instrumental for the development of urologist-level performance measures relevant for multiple stakeholder groups. To this end, we explored the extent of variation in the use of observation at the urologist level across all risk strata of clinically localized prostate cancer. Furthermore, to test the hypothesis that the use of observation is linked at the urologist level for low-and high-risk disease, we plotted the urologist-specific estimated rates of observation for low-and high-risk disease. We hypothesized that variation in the use of observation across all risk strata would be considerable and that the estimated risks for observation for low-and high-risk disease would be correlated at the individual urologist level.
Methods

Data
We used data from the Surveillance, Epidemiology, and EndResults (SEER) program linked to Medicare claims. The SEER registry is a large population-based data source organized by the National Cancer Institute, which collects information about cancer site, stage, histologic characteristics, and grade for participants in 18 geographic regions that encompass approximately 26% of the general population in the United States. 24, 25 This study was deemed exempt from the need for approval by the institutional review board of Vanderbilt University, Nashville, Tennessee, which waived the need for informed consent.
Study Cohort and Variables
Our study cohort included men 66 years or older diagnosed with prostate cancer from January 1, 2004, through December 31, 2009 (eMethods and eFigure in the Supplement). Our outcome of interest was observation among men with newly diagnosed prostate cancer, defined as the absence of definitive treatment within 1 year of the diagnosis. Treatment was identified in Medicare claims using codes from the International Classification of Diseases, Ninth Revision (ICD-9), and Common Procedural Terminology, Fourth Edition, for radical prostatectomy, radiotherapy, thermal ablative therapy, or androgen deprivation therapy within 1 year of the diagnosis (eTable in the Supplement). Androgen deprivation therapy included luteinizing hormone receptor agonists and antagonists, antiandrogens, or surgical castration. Observation was assigned for patients who did not undergo any of the listed treatments within 1 year of diagnosis. Patients were assigned a disease risk category according to the D'Amico classification system 26 using clinically relevant prostate-specific antigen (PSA) level ranges as recommended by SEER (eMethods in the Supplement). 27 We then assigned patients to a specific diagnosing urologist using Medicare physician specialty codes as previously described. 28 Briefly, we considered the diagnosing urologist to be the first chronological urologist who submitted a claim for a prostate biopsy within 6 months of the prostate cancer diagnosis.
graphic regions (North Central, Northeast, South, and West), and median income within the zip code of residence. The ICD-9 codes were used to identify existing patient comorbidities in the 1-year period before the diagnosis of prostate cancer.
Statistical Analysis
We analyzed data from October 1 to December 31, 2015. We fit multivariable mixed-effects models to identify the association between observation and select patient characteristics, assuming a urologist-level random intercept to account for correlation among urologists and calculation of urologist-level estimated probabilities of observation. We calculated estimated probabilities of observation and 95% CIs for each urologist for each level of risk using the risk-specific multivariable mixed-effects models, holding covariates at their frequency in the overall population. Urologists were ranked based on their estimated probability of observation, and each point estimate was plotted relative to the mean estimated probability in each risk group. To evaluate the association between the estimated probability of observation for the low-and high-risk strata, we plotted low-and high-risk estimates, centered at their means, for each urologist. We then evaluated Spearman rank correlations and tested whether correlations differed from zero. To test whether the urologist-level use of observation was also correlated for urologists who were experts in treating prostate cancer, we performed a sensitivity analysis for a subset of urologists who treated at least 10 low-risk and 10 high-risk patients with prostate cancer during the study period using previously published thresholds. 28 All analyses were conducted using SAS software (version 9.4; SAS Institute Inc) and R software (version 3.2.1; http://www. R-project.org). Two-sided P < .05 was considered statistically significant.
Results
Study Population
Of 
Patient-Level Factors Associated With Observation
In multivariable mixed-effects models, older unmarried men were more likely to receive observation across all risk strata ( (Table 2) .
Urologist-Level Variation in the Use of Observation
From risk-strata-specific mixed-effects models, we calculated estimated probabilities of observation and 95% CIs for each diagnosing urologist. The mean estimated probability of observation among patients with low-risk disease was 27.8% (range, 5.1%-71.2%) ( Figure 1 ). We identified individual urologists with high or low estimated rates of observation as those with 95% CIs that excluded the mean estimated probability in each risk stratum (darkened 95% CI on Figure 1 ). With the use of this framework, 63 urologists (3.3%) were found to have estimated probabilities of observation in excess of those expected for patients with low-risk prostate cancer, and 44 (2.3%) had estimated probabilities of observation lower than those expected for patients with low-risk prostate cancer. Among patients with intermediateand high-risk disease, we observed considerably less variation in the estimated risk for observation among individual urologists ( Figure 1 ). The mean estimated probability of observation for intermediate-risk disease was 11.1% (range, 4.8%-31.5%) and for high-risk disease, 5.8% (range, 3.2%-16.5%).
Testing Urologist-Level Correlation in the Use of Observation for Low-and High-Risk Disease
To test whether the use of observation for low-and high-risk disease is linked at the urologist level, we plotted the estimated 
probabilities for each physician who treated at least 1 low-and 1 high-risk patient during the study period ( Figure 2) . We identified a positive correlation between the estimated rates of observation for low-and high-risk prostate cancer at the individual urologist level (Spearman ρ = 0.17; P < .001). In a sensitivity analysis among 480 urologists who diagnosed at least 10 low-risk and 10 high-risk patients during the study period, we observed an even stronger correlation among urologist-level estimated rates of observation for low-and high-risk disease (Spearman ρ = 0.24; P < .001). In a second sensitivity analysis whereby only the Gleason score and clinical stage were used in the classification of risk, we found no qualitative differences compared with the main analysis.
Discussion
In this study, we characterize urologist-level variation in the use of observation to manage clinically localized prostate cancer. We found considerable variation in the use of observation at the urologist level for men with low-risk disease and, more important, that the patterns of observation for low-and high-risk disease are correlated at the urologist level. This analysis raises important questions surrounding the key drivers behind decision making for prostate cancer treatment. Furthermore, this study identifies a strong relationship between appropriate and inappropriate use of observation in the management of prostate cancer at the urologist level. We believe the public availability of these urologist-specific data on the use of observation for localized prostate cancer may lay the foundation for a valuable performance measure with clear relevance to patient and payer stakeholder groups. Such public reporting may ultimately facilitate informed decisions by the health care consumer while providing incentives for physicians to reflect more effectively on their own performance and how it relates to their peers at the local, regional, and national levels. Together, these tools may prove useful for private-and public-sector strategies to improve the quality and efficiency of prostate cancer care in the United States.
Our results may also be of interest to CMS before the implementation of value-based payment reforms, such as MIPS, that measure and report physician-level performance using existing claims-based data. MIPS is a novel payment strategy that marks a fundamental shift away from centering physician reimbursement on macroeconomic indicators (eg, the overall increase in Medicare expenditures relative to the sustainable growth rate) to mapping reimbursement to physician-level measures of cost and quality. 22 Beginning in 2019, MIPS will provide adjusted payments to physicians based on individual performance determined through 4 categories, including quality of care, meaningful use of electronic medical record systems, resource use, and clinical practice improvement activities. The selection of thoughtful and meaningful physician-level measures of quality and resource use is required should this policy intervention improve the value of health care delivered to Americans. In this study, we characterize the degree of unexplained variation in the use of observation for patients with newly diagnosed prostate cancer. Certainly, physician-level treatment signatures may ultimately be leveraged as a meaningful performance measure, and increasing reimbursement to physicians more likely to observe men with lowrisk disease may more effectively align financial incentives to engage in observation as opposed to immediate treatment. Furthermore, although this measure may undoubtedly result in improvements in the degree of prostate cancer treatmentrelated morbidity at the individual patient level, it may also translate into considerable cost savings to the Medicare program through avoidance of costly prostate cancer treatment.
In practice, however, numerous challenges are associated with prostate cancer treatment signatures to measure physician performance. First, no clear consensus surrounds the optimal rate of observation for men with low-risk prostate cancer. Indeed, some may argue that most of these men should be observed on account of the exceedingly low risk for prostate cancer progres- sion and mortality; however, we must continue to balance the levers of guideline recommendations, patient centeredness, and patient preference. Ample data suggest that individual patient factors and preferences dominate decision making and that variations in rates of observation may reflect variations in patient preferences and characteristics. [31] [32] [33] Nonetheless, the magnitude of urologist-level variation (5.1%-71.2%) observed in the present study is unlikely to be explained by patient factors alone. Certainly, explanations for the excessively high or low estimated rates of observation at the physician level may exist; however, these findings may serve as a platform to identify the most significant deviations from central tendency to facilitate physician-level quality improvement. Last, this study demonstrates that the use of observation for low-risk and high-risk disease is linked at the urologist level, which represents an important opportunity for improving the overall quality of care for patients with localized prostate cancer. That observation for low-and high-risk disease is correlated among urologists suggests that efforts to limit inappropriate resource use in low-risk populations may have the inadvertent consequence of lowering appropriate resource use for high-risk populations. 23 Therefore, we must do more than simply mandate a standard resource-use pattern of observation for localized prostate cancer because such changes may impede access to care for high-risk patients who stand to benefit most from these services. This problem, however, may be circumvented through the use of a bidirectional measure of quality that ensures that men with intermediate-and highrisk disease are not exposed to undue risk secondary to excess rates of nontreatment. Although we believe our findings are uniquely informative, they must be understood within the context of several limitations to the study. First, because this study is limited to the SEER registry population enrolled in Medicare, these observations may not be applicable to men younger than 66 years. Second, this analysis was restricted to the Medicare fee-forservice population for whom claims are available; therefore, we cannot speculate whether these outcomes would be simi- However, we used clinically relevant PSA ranges, as recommended by SEER, which results in an error rate of less than 5%. Furthermore, a sensitivity analysis excluding PSA from the risk criteria results in no major qualitative changes compared with the main analysis. Last, the data in this analysis are from 2004 to 2009, which represents the early adoption period for active surveillance. Although the focus of the study is observation, which includes watchful waiting, the extent to which these results would differ in a more contemporary era or if a more stringent definition of active surveillance had been used is uncertain. 34 These limitations notwithstanding, we believe these data have noteworthy implications for health care policy in the United States. Reducing variation in preferencesensitive care must begin with informing demand for relevant discretionary treatments. This process occurs, namely, by providing the consumer with the necessary information to make informed choices with respect to their care. By identifying and publicly reporting physicianspecific treatment signatures for prostate cancer, patients will be empowered to set the appropriate demand for discretionary services by seeking care from high-quality balanced physicians. Furthermore, because low-income and nonwhite race are risk factors for inappropriate care in this study, incentivizing appropriate care may not only elevate the quality of care for all patients with prostate cancer but also may help to alleviate socioeconomic disparity. Although a definition of what the appropriate rate of observation is at the physician level may not be possible, public reporting of these rates will be an important initial step in providing a rational strategy for promoting effective disease management at the physician level. Scatterplot shows individual urologist differences from the mean estimated probability for observation (relative to the mean) for low-and high-risk prostate cancer. The black line demonstrates the urologist-level correlation between the estimated probability of observation for low-and high-risk prostate cancer. The blue line represents the sensitivity analysis of prostate cancer experts (urologists who treated Ն10 low-and high-risk patients during the study period). For the color spectrum, green indicates ideal; red, less ideal; and yellow and orange, intermediate.
